
A..o.,.,,o.,or,n,or..,,on..d,__ ,_._ ___

Silver Spring, Maryland 20910 _j,__j# _..%,, _o # %_._

"___,ob,,' _oo_.T_C. __?_"BY I::IPPLIED u_._





ii'__ ";" _, r_ ! '_

SEP2 0 199_

QUARTERLY TECHNICAL PROGRESS REPORT O 8 Y l

Title Surfactant Loss Control in Chemical Flooding: Spectroscopic
and Calorimetric Study of Adsorption and Precipitation on
Reservoir Minerals

Contract no. DE-AC22-92BC14884

University Columbia University in the city of New York
Box 20, Low Memorial Library
New York, NY 10027.

Reporting Period 1/1/94 to 3/31/94

I:_BTRII_UTION OF THIS DOOLIMENT 18 UNLIMITm _'_ _



I
/

Summary of Technical Progress

Since surfactants are often present as mixtures, effort is bei_g made to understand the

synergeticand competitiveforcesinvolvingdeterminingadsorptionof surfactantsfrom their mixtures.

' Adsorption of tetradecyl trimethylammoniumchloride(TTAC) and polyethoxylatednonyl phenol

(NP-15) surfactant mixture at the alumina-water interfacewas studiedduringthis reporting period.

It was foundthat thenonionicsurfactantNP-15 does not adsorb on aluminaby itself, but was forced

to adsorbby cationicTTAC. Theadsorptiondensityand the nature of adsorption isothermof NP-15

were markedlydependent upon the quantity of TTAC present in the mixture and the procedure of

surfactant addition. In the low concentration range the adsorption of both TTAC and NP-15 was

enhanced by coadsorption, but in the high concentration range the adsorption of TTAC was

depressed due to the competitiveadsorption and steric hindrance.

Electrokineticbehaviorof aluminasuspensionswas also monitored alongwith the adsorption

in order to delineate the role of electrostatic force in determiningthe mechanismof adsorption.

Surface tension of surfactant mixtures before and aRer adsorption was measured to obtain

information needed for developingmechanisms.

Adsorptionof surfactantmixturesat alumina-waterinterface

In our previousreportsthe adsorption/desorptionbehavior of tetradecyi trimethylammonium

chloride(TTAC) at the alumina-waterinterface has been reported. During this reporting we have

initiated adsorptionstudieswithsurfactantmixtures.The genericstructuresof surfactantstudiedare

shown in figure 1. The adsorption isotherm of TTAC on aluminaat pH 10 and changes in zeta

potential of aluminaas a resultof TTACadsorptionare shownin figure2. It can be seen that TTAC

adsorbs significantlyat the alumina-water interface at pH 10. At this pH the aluminasurface is



negatively charged and electrostatic attraction with the cationic TTAC will be dominant. There is a

sharp increase in the adsorption density around 5x104 kmol/m3 which can attributed to formation of

surfactant aggregates(hetnimicelle) at the solid-liquid interface. Comparing zeta potential to the

adsorption isotherm at the same residual concentrations, it can be seen that the charge of alumina is

neutralized at a very low adsorptiondensity. The maximum adsorption density of TTAC on alumina

at pH 10 is about 2.5xl0"_mol/m2. This translates to roughly 66A°2/molecule which is similarto the

molecular area at air/solution interface(61A02) reported in literature t. This suggests that the

adsorption layer at alumina is mainly monolayer. The settling rate of the alumina suspensions after

TTAC adsorption at pH 10

C9HI9_(CH2CH20)IsH

a. Polyethoxylated nonyl phenol (NP-I5)

+

C 14H 29 NI (C H 3)3
!

CI

b. Tetradecyl trimethyl ammonium chloride (TTAC)

Figure 1. Molecule structure of the surfactants studied

was measured and the results are shown in figure 3. In the absence of and at low surfactant

adsorption, the alumina suspension in water is dispersed and the settling rate is low. Once the

surfactant forms aggregates at the interface, the alumina surface becomes hydrophobic and the

settling rate is markedly increased. With further increase in the TTAC adsorption, the settling rate

decreases; this can be attributed to the increase the positive charge of alumina at higher surfactant
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Figure 3 Settling rate of alumina suspension after TI'AC adsorption at pH I0

concentration(zeta potential) causing repulsion between alumina particles. As a result of balance

between hydrophobic attraction force and the electrical repulsion force, the settling rate reaches a

max'tmum at a concentration of about lxl0"3kmol/m 3. Above this concentration the settling rate

decreases, making the electrostatic force dominant in this system at high con_',ntration.

Figure 4 shows the adsorption isotherms of polyethoxylated nonyl phenol with 15 ethylene
J

oxide groups (NP-I 5) on alumina in the presence of'pre-adsorbed TTAC and when added together

with TTAC. In all these experiments the itfitial concentration of TTAC was fixed, and the pH was

maintained at 10. The experimentalresults showed that NP-15 does not adsorb on alumina by itself,

even though at very high concentrations (around lxl0"2kmol/m3), there may have been some

adsorption from solution,possiblydue to surface precipitation in this concentration, this phenomenon



meritsfurther investigation.
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Figure 4. Adsorption Isotherms of NP-l$ on ,.lla_ pre4tdmrbed TI'AC and/or with TTAC added together

It is interesting to note that tetradecyltdmethyl ammoniumchloride does force the adsorption

of NP-15 on alumina. Pre-adsorbed TTAC functions as anchors for the adsorption of NP-I 5. With

an increase in TTAC initial concentration, the adsorption of NP-15 increased and the adsorption

isotherms shifted to lower NP-15 concentrations. It is also observed that above a TTAC

concentration at which it forms hemimicelle at the alumina-water interface there is no further effect
i
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on the adsorption of NP-15, It is interesting to note the implication that TTAC hemimiceiles are

impermeable by the NP-15 even though there is synergism between the two species. It will be

important to test this and investigate the reasons for this behavior. Desorption and reorientation of

surfactants adsorbed in the form of aggregates will depend to large extent on the activation barrier

involved in dehemimicellisation. The results also show that the order of addition of the surfactants

has a marked effect on the adsorption ofNP-15. IfNP-15 and TTAC were pre-mixed and added to

the alumina suspension together, the adsorption density of NP-15 is higher, particularly in the low

concentration range. This indicates that NP-15 adsorption from mixtures with TTAC is not
i

completely reversible, but is controlled by the nature of molecule packed at the alumina-water

interface. In other words, competition between TTAC and NP-15 for common adsorption sites and

the resultant steric hindrance would affect the adsorption of NP-15, especially in the low

concentration range. Particle wettability and dispersion can al_o expected to be affected by this

markedly.

The adsorption isotherms of tetradeeyl trimethyl ammonium chloride (TTAC) and

polyethoxylated nonyl phenol (NP- 15) on alumina from their 1"1 initial molar ratio mixture are given

in Figures 5 and 6 respectively. The zeta potentials of alumina particles after surfactant mixture

adsorption are also shown in figure 5.

Comparing the adsorption isotherms of TTAC and NP-15 in figure 5, it is seen that the

adsorption of TTAC is higher at low concentrations. But the adsorption ofNP-15 increase quickly

with the increasing ofthe concentration, and soon reaches the same level as the adsorption of TTAC.

At low concentration the TTAC molecules are attracted to the negatively charged surface but NP-I 5

is not. The adsorption ofNP- 15 is dependent on the pre-adsorbed or co-adsorbed TTAC acting as
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aluminaafteradsorption.
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anchorsfor the formerby hydrophobicchain-chaininteractions.

NP-15 is muchlargerandmorehydrophobicthanTTAC.The adsorptionof NP-15 on the

surfacewillprovidesterichindranceto thepackingof themoleculesinto aggregates.Thiscanbe seen

fromfigure6. Themaximumadsorptiondensityisapparentlylowerthanthe adsorptionfromTTAC

alone.Thismaybeexplainedbyconsideringthe sterichindranceandcompetitiveadso_rptionof NP-

15, i.e. adsorbedNP-15 onthe interfacewillmakethe adsorptionof TTAC difficult.

i3o -_ TTAC ALONE _
t

20 i_

._ lO ' TAC & NP-15I

,I
0

,-10

-20 I3"

-30 ,', ...... , ' " ...... I ' ' _ ..... I ' ' ......

lxl0 "5 lxlO"4 lxl0 "3 lxl0 "2 lxl0 "i

TTAC Residual Conc. kmol/m 3

Figure 7. Zeta potential of alumina after adsorption of TI'AC alone and after adsorption of 1:1

molar ratio surfactant mixture.
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Figure7 comparesthezetapotentialof aluminaafteradsorptionfromTTACalone and from

mixedsurfactants.Sincethe maximumadsorptiondensityofthe cationic"ITACis lower in the mixed

system, the plateau zeta potentialat high concentrationrange is also lower. Interestingly,the

iso¢iectricpoint(IEP) shiftedto 'higherconcentration(about4xl 0"4kmol/m3)whenadsorptionwas
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Figure 8. Surface Tension vs total surfactant concentration for 1:1 molar ratio mixture before

and after contact with alumina
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. donefromthe mixedsurfactantsystem.At thisconcentrationtheadsorptiondensityof TTACfrom

the mixtureis about 2xl0"Tmol/m=,higherthan the adsorptiondensityfrom TTAC alone (about

l.Sx104mol/m2).The zetapotentialof aluminaafter theadsorptionof TTACalone is higherthan

thatafteradsorptionof 1"1TTAC:NP-]5mixture.Thisin,caresthatthe adsorptionlayeron alumina

has a differentstructureandthe positive chargeof TI'ACheadis partiallyscreenedby the co-

adsorbedNP-15.

Thesurfacetensionofthemixturewasmeasuredbeforeandal_eradsorptionandtheresults

areshowninfigure8.TheCMC ofaI"lmixtureofTTAC andNP-15isaboutIx104kmol/m3which

isverysimilartothatofN'P-15alone(9.2xl0"Skmol/m3).AfteradsorptiontheCMC isshiftedtoa

slightlyhigherconcentration.Thereisachangeinthesurfacetensionisotherm,suggestingsor_c

preferentialadsorptionofonecomponentovertheother.Furtherinvestigationisneededforbetter

understandingoftheadsorptionbehaviorofthemixedsystem.

I]



t,
m

Futurework:

I. Adsorption/desorption of surfactantmixturesat alumina-waterinterfacewith different mixture

ratio.

2. Calorimetric investigation of adsorption of mixed surfactants.

3. Effect of ethylene oxide chain length of C,EO, on SDS/CoEOa mixture adsorption.

Problem:

The study of thermodynamic parametersof surfactant adsorption and aggregation is behind

schedule because of a problem with the nficrocalorimeter. Since the equipment is r._t

manufactured in United States thespare parts had to be order from Sweden and has created

a slight delay.
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